teria responsible for non-specific affections in man.
For those requiring additional information on Johne's disease and a substantial list of references the recent publication by Doyle (1959) is recommended. REFERENCE Doyle T M (1959) In: Stableforth & Galloway's 'Infectious Diseases of Animals'. London, 1, 319 Dr R J W Rees (National Institutefor Medical Research, Mill Hill, London) Studies on Leprosy Bacilli in Man and Animals Leprosy is the name given to an infection in man caused by Mycobacterium lepree, which was first identified by Hansen in 1874. Two other leprosylike diseases have since been described in animals, one occurring in the wild rat caused by Myco. leprwmurium and first identified in 1903 in Odessa by Stefansky and in London by Dean and the other occurring in the water buffalo in Java caused by Myco. lepre bubalorum. All three infections have been grouped together because they are caused by mycobacteria which are found predominantly as intracellular organisms in mononuclear type cells. All three diseases have many similarities: they are chronic infections affecting the skin, usually non-fatal and although the intracellular parasites may be present in huge numbers they cause little damage to the host cell. Only in human leprosy are the nerves (Schwann cells) infected. The other, and most important, common feature of leprosy bacilli is that they still cannot be cultured in bacteriological media. Failure to culture leprosy bacilli has seriously restricted the scope of both fundamental and applied research into the pathogenesis of leprosy. Despite this deficiency considerable advances have been made recently by using a series of indirect methods of approach, utilizing the rat leprosy bacillus as a model for the human disease. Our bacteriological studies have been confined to rat and human leprosy bacilli.
Studies on Rat Leprosy Bacilli in Animals
Myco. leprwmurium can be readily handled in the laboratory as an experimental infection in rats and mice. Infected tissues from these animals are a ready source of bacilli and can be used for infecting other animals. By applying quantitative techniques it is possible to follow the total number ofstained acid-fast bacilli-in the tissues of animals infected with known numbers of Myco. leprwmurium and therefore to determine the rate of multiplication. The results show that even in a susceptible species the bacilli divide only every 10-14 days. This very long generation time is unique for micro-organisms, even for mycobacteria, where the generation time for the tubercle bacillus is 22-24 hours. Therefore the chronicity of rat leprosy can be explained alone on the slow rate of multiplication of the bacilli.
Although it has been possible to determine the generation time of Myco. leprwmurium without being able to culture the organism, still more information could be obtained if it was possible to distinguish 'dead' and 'live' bacilli. First, using electron microscopy (McFadzean & Valentine 1959 , Rees et al. 1960 it has been possible to distinguish two distinct morphological types of bacilli, one appearing intact and healthy and the other showing degenerate changes. Subsequent studies showed that the degenerate form (Rees et al. 1960 ) was incapable of producing disease in mice and therefore was presumably dead. Furthermore, such bacilli could be distinguished in the light microscope as showing irregular staining with carbol fuchsin. By following the total number of bacilli in the tissues of animals with murine leprosy receiving an antileprosy drug, isoniazid, and determining at the same time the proportion of degenerate forms of bacilli, it was shown that a high proportion of the bacilli were killed by isoniazid but the dead organisms persisted in the tissues for many months (Rees & Waters 1963) .
In our attempts to grow Myco. leprcemurium in vitro we have concentrated our efforts on tissue culture methods, which have now proved successful. Myco. lepra?murium can be grown, more or less continuously, in rat fibroblasts by subculturing the infected cells every twenty or thirty days (Rees & Garbutt 1962) . In tissue culture the bacilli have an average generation time of 12-4 days, grow equally well at 37 and 34°C but not at 30°C. The tissue-culture-grown bacilli still fail to grow in ordinary bacteriological media but retain their pathogenicity for rats and mice.
Studies on Human Leprosy Bacilli in Man and Animals
Studies were first undertaken on the morphology of Myco. lepre from a series of untreated cases of human leprosy using both the electron and light microscopes; appearances were identical to those of Myco. lepramurium. Furthermore, on average less than 50% of the human leprosy bacilli appeared to be viable. Morphological studies of skin smears from patients treated with diaminodiphenyl sulphone (DDS) showed that although a high proportion of the bacilli were dead after only three to six months of treatment the bacillary population in the skin decreased little after twelve to twenty-four months of treatment (Waters & Rees 1962) . Treatment with DDS, therefore, appears to kill the bacilli, thereby significantly reducing the infectiousness of the patient, but the host is unable to destroy the dead bacilli rapidly or efficiently. Since it is well known that during treatment the skin lesions in leprosy take several years to disappear and during this period the patients often present serious clinical manifestations including 'reactions', it is probable that many manifestations in leprosy are brought about by dead rather than living bacilli. Shepard (1960a, b) claimed the successful transmission of human leprosy to the foot-pads of mice. We have now confirmed his claim (Rees 1964) with 21 strains of Myco. lepra, obtained from Malaya (15), East Africa (1), Burma (4) and the West Indies (1). All 21 strains have produced an infection in the foot-pads of mice and first passage has been obtained with 10 and a second passage with 3 strains. It is of interest that an identical foot-pad type infection was obtained from both lepromatous (18) and borderlinetuberculoid (3) leprosy patients. The infection is confined to the foot-pad and bacillary increases are limited to approximately 100-fold, although it can be maintained successfully by passage. The calculated generation time of Myco. lepraw in the foot-pad is approximately fifteen to twenty-five days. Histological examination has revealed also that nerves in the foot-pad tissues and the corresponding sciatic nerve are infected.
The foot-pad type of infection obtained with
Myco. lepra is reproducible in different strains of mice and has been reported to occur in the footpads and ears of hamsters and foot-pads of rats. Although a limited infection, it can be used for testing antileprosy drugs and is, for example, completely inhibited by DDS. Our own preliminary studies indicate that bacilli from some cases of leprosy which relapse during treatment with DDS can produce infections in mice that also fail to respond to DDS, thus indicating for the first time the presence of DDS-resistant strains of Myco. leprae. we possess an insight into the symptomatology and histopathology of this skin disease. Though in many respects (clinically, histologically, and in the morphology and arrangement of the acid-fast bacilli) it resembles lepromatous leprosy in man, the question of mutual infection of man and animal still remains unanswered. Cultivation and extensive transmission efforts by Lobel and myself, utilizing rats, mice, chickens, guinea-pigs, swine, horses, monkeys, dogs, cats, rabbits and reptiles gave only negative results. Some of the rabbits and guinea-pigs were subjected to totalbody irradiation and others were treated with cortisone in order to lower their resistance. I have, however, been able to reproduce a subcutaneous buffalo-leprosy nodule in a bovine and a human-leprosy lesion in a water buffalo calf by a subcutaneous transplantation of a small piece of buffalo and human material respectively. The nodule, however, remained localized. Dr Ressang illustrated his account of leprosy of the Indonesian water buffalo with a colour film and gave the following references to published work on this subject:
